Introduction
Hormone changes during postpartum anestrus in beef cows have been studied extensively over the past 20 yr (for review, see Wettemann, 1980; Randel, 1990; Short et al., 1990) . One hormone that has been shown 716 intermediate (P < 0.05) in A × B (28 ± 3 ng/mL) and B × C (26 ± 3 ng/mL) cows compared with all other genotypes. Serum IGF-I concentrations did not change (P > 0.10) with week postpartum in C × C, A × A, and A × C cows, but increased (P < 0.05) between wk 2 and 7 postpartum in B × C, A × B, and B × B cows. Average interval to first medium (16 ± 2 d) and first large (35 ± 2 d) follicle did not differ (P > 0.10) among genotypes. Serum IGF-I concentrations correlated with BCS (r = 0.53 to 0.72, P < 0.001) but not with days to first large follicle (r = −0.19 to −0.22, P > 0.10). Averaged across genotypes, cows that lost BCS postpartum had lower (P < 0.01) serum IGF-I concentrations. Cows that calved with adequate BCS (i.e., ≥ 5) had greater (P < 0.01) serum IGF-I concentrations postpartum than cows that calved with inadequate BCS (i.e., < 5) but days to first large and medium follicle did not differ (P > 0.10). In conclusion, concentrations of IGF-I in serum differed among genotypes and were associated with BCS but not days to first large or medium follicle in postpartum beef cows.
to change during the postpartum interval in beef and dairy cattle is insulin-like growth factor-I (IGF-I) (Rutter et al., 1989; Spicer et al., 1990; Rutter and Manns, 1991) . The magnitude of change in IGF-I in blood is influenced by body condition (Richards et al., 1991) , nutrient intake (Houseknecht et al., 1988; Bossis et al., 1999) , and energy balance . Additional studies have shown that plasma concentrations of IGF-I are influenced by genotype in cattle (Echternkamp et al., 1990; Spicer et al., 1993b; Alvarez et al., 2000) , pigs (Klindt et al., 1992; Echternkamp et al., 1994; Clutter et al., 1995) , and sheep (Spicer and Zavy, 1992; Spicer et al., 1993a) . Also, systemic IGF-I concentrations have the potential to be changed via selection in cattle (Davis and Simmen, 1997; Yilmaz et al., 1999; Grochowska et al., 2001) . Because IGF-I has direct effects on hypothalamic (Hiney et al., 1996; Olson et al., 1995; Longo et al., 1998) , pituitary (Soldani et al., 1995;  at USDA Natl Agricultural Library Wilson, 1995; Oomizu et al., 1998) , and ovarian (for review, see Spicer and Echternkamp, 1995) functions, IGF-I may be a potential endocrine regulator of return to estrous cyclicity in postpartum cattle. The objective of the present investigation was to determine whether differences in serum IGF-I concentrations among various genotypes of beef cows are associated with differences in follicular development postpartum.
Materials and Methods
Animals and Experimental Procedures. Two replications were conducted with cows calving in December and January during two consecutive years at Ona, Florida, to determine the effects of genotype on postpartum IGF-I and ovarian changes. Cows from the following breed types were studied: Angus (A × A; n = 9), Brahman (B × B; n = 10), Charolais (C × C; n = 12), Angus × Brahman (A × B, n = 22), Brahman × Charolais (B × C, n = 19), and Angus × Charolais (A × C, n = 24). For each breed type, progeny (i.e., cows) resulted from matings of multiple bulls from a specific genotype with cows of the same or other specific breed. For example, A × B cows are a result of both Angus cows mated with Brahman bulls and Brahman cows mated with Angus bulls. Each cow maintained a suckling calf that was a result of that cow being bred to either Simbrah or Senepol bulls. Age of the cows averaged 7.0 ± 0.5 yr for each of the two years evaluated and did not differ (P > 0.10) among breed types. Cows were maintained on bahiagrass pasture with access to a molasses-urea supplement. Body condition scores (BCS; 1 = emaciated, 9 = obese) and BW were determined once a week for 7 wk, starting 2 wk postpartum. Transrectal ultrasonography was conducted using an Aloka 210 with a 7.5-MHz probe (Corometrics Medical Systems, Inc., Wallingford, CT) once per week from wk 2 to 14 postpartum and was used to estimate day postpartum to first medium (6 to 9 mm) and first large (≥ 10 mm) follicle, and to first corpus luteum (CL). Because no CL was detected in 10% to 67% of cows by 99 d postpartum in a particular breed type, interval to first CL was not analyzed. Blood samples were collected by jugular venipuncture once weekly from wk 2 to 9 postpartum for determination of serum IGF-I concentration after acid-ethanol extraction (16 h at 4°C) via RIA (Echternkamp et al., 1990) . Intra-and interassay CV for the eight IGF-I assays were 8.4% and 15.1%, respectively. Sensitivity of the assay, defined as 90% of total binding, was 4 ± 1 ng/mL.
Statistical Analyses. Concentrations of IGF-I in se-
rum, BW, and BCS were analyzed using PROC MIXED (Littell et al., 1996) with sources of variation including genotype, year, cow within genotype and year (error term for genotype), week postpartum, genotype × week interaction, and residual. An autoregressive with lag equal to one model was used to model the covariance structure of the repeated measures. The genotype × week interaction was significant for IGF-I and so simple effects of breed were analyzed using SLICE option for the LSMEANS statement. Kenward-Roger's approximation was used for calculation of the degrees of freedom of the pooled error term. If the genotype × week interaction was not significant (for BW and BCS), the main effects, if significant, were analyzed using LSMEANS with the PDIFF option (SAS Inst. Inc., Cary, NC). Ovarian measurements were used to calculate interval to first medium (6 to 9 mm) and large (≥ 10 mm) follicles; these data were analyzed using the GLM procedure of SAS (SAS Inst. Inc.) with genotype, year and their interaction as main effects. Specific differences between means were determined using PDIFF (SAS Inst. Inc.) if significant main effects were observed. Data are presented as least-squares means ± SE. Pearson correlation coefficients (Ott, 1977) were calculated for serum IGF-I concentrations and other variables measured using PROC CORR of SAS (SAS Inst. Inc.).
To evaluate the effect of postpartum body condition loss on variables measured, cows were classified as either maintaining BCS (Group 1) or losing BCS (Group 2) between wk 2 and 9 postpartum and data analyzed using PROC MIXED (Littell et al., 1996) as described for the genotype model except that sources of variation included BCS group, year, cow within BCS group and year (error term for breed), week postpartum, BCS group × week interaction and residual; genotype was included in the model as a covariable (Ott, 1977) .
To evaluate the effect of body condition at calving on variables measured, cows were classified as either having adequate BCS (i.e., ≥ 5) at calving (Group A) or having inadequate BCS (i.e., ≤ 5) at calving (Group B) and data analyzed using PROC MIXED (Littell et al., 1996) as described earlier for BCS Group 1 and 2 model.
Results
Body Weight and Body Condition Score. Genotype (P < 0.001), year (P < 0.05), week postpartum (P < 0.001), and year × week postpartum (P < 0.001) but not (P > 0.10) genotype × year or genotype × week postpartum influenced BW. Average BW was greatest (P < 0.05) in B × B (462 ± 16 kg), C × C (479 ± 14 kg), and B × C (491 ± 11 kg) cows, least in A × A (404 ± 15 kg) and A × B (436 ± 10 kg) cows, and intermediate in A × C (446 ± 9 kg) cows. Body weights averaged 443 ± 7 kg in year 1 and 464 ± 8 kg in year 2 (P < 0.05). Averaged across genotype and year, BW decreased (P < 0.05) at wk 3, 7, 8, and 9 postpartum ( Figure 1A ). Genotype (P < 0.001), week postpartum (P < 0.001), and year × week postpartum (P < 0.001) influenced BCS. The effect of year, genotype × week postpartum, and genotype × year on BCS were not significant (P > 0.10). Averaged over year and week postpartum, BCS was greatest (P < 0.05) in B × B (5.5 ± 0.2), A × B (5.2 ± 0.2), and B × C (5.4 ± 0.2) and was lowest in A × A (4.3 ± 0.3), C × C (4.5 ± 0.2) and A × C (4.6 ± 0.2). Body condition score averaged 4.8 ± 0.1 in yr 1 and 5.0 ± 0.1 in yr 2 and did not differ (P > 0.10). Averaged across genotype and year, BCS decreased (P < 0.05) at wk 4 and 6 postpartum after which BCS did not significantly change ( Figure 1B) .
Concentrations of IGF-I in Serum.
Genotype, year, week postpartum and genotype × week influenced (P < 0.05) concentrations of serum IGF-I. The genotype × year interaction was not significant (P > 0.10). Averaged over year and week postpartum, serum IGF-I levels were greatest (P < 0.05) in B × B cows compared with all other breeds, and lowest in A × A, C × C, and A × C cows compared with B × B, A × B, and B × C cows (Figure 2A ). Serum IGF-I concentrations averaged 17 ± 2 ng/mL in yr 1 and 31 ± 2 ng/mL in yr 2; this increase (P < 0.01) in yr 2 was consistent across all genotypes. Serum IGF-I concentrations increased (P < 0.05) between wk 2 and 7 postpartum in B × C, A × B, and B × B cows ( Figure 2B ). However, serum IGF-I did not change with week postpartum in C × C, A × A, and A × C cows.
Days to First Medium and Large
Follicle. Genotype, year, and their interaction did not affect (P > 0.10) day to first medium (6 to 9 mm) follicle (detected by ultrasonography). Day to first medium follicle averaged 16 ± 1.6 d (Table 1) . However, day to first large (≥ 10 mm) follicle was influenced (P < 0.05) by year and genotype × year but not by genotype (P > 0.10). Day to first large follicle averaged 39 ± 2 d in yr 1 and 31 ± 3 d in yr 2 (P < 0.05). A decrease between yr 1 and 2 occurred in only B × B and B × C cows; no significant changes were observed in all other genotypes (Table 1) 
Effect of Postpartum Body Condition Loss on Variables Measured.
Pooled across genotypes, cows were classified as either maintaining BCS or losing BCS between wk 2 and 9 postpartum, and serum IGF-I concentrations were statistically compared between these two groups of cows. Cows that lost BCS had lower (P < 0.01) BCS and BW and lower serum IGF-I concentrations than cows that maintained BCS (Table 2) . Days to first medium and large follicle did not differ (P > 0.10) between the two groups.
Effect of Body Condition at Calving on Variables Measured.
Pooled across genotypes, cows were classified as either having adequate BCS (i.e., ≥ 5) at calving or having inadequate BCS (i.e., < 5) at calving, and serum IGF-I concentrations were statistically compared between these two groups of cows. Cows with inadequate BCS at calving had reduced (P < 0.01) BCS and BW and decreased (P < 0.01) serum IGF-I concentrations between wk 2 and 9 postpartum as compared with cows calving at BCS of ≥ 5 (Table 2 ). Days to first medium and large follicle did not differ (P > 0.10) between cows calving with BCS of < 5 and ≥ 5 (Table 2) .
Discussion
The results of the present study show a profound effect of genotype on serum concentrations of IGF-I, with Brahman cows having the greatest serum levels of IGF-I and Angus and Charolais cows having the lowest levels of serum IGF-I. These results are in agreement with previous studies comparing Brahman and Angus cows that found FSH-stimulated (Simpson et al., 1994) and ovariectomized (Simpson et al., 1997) Brahman cows had greater plasma IGF-I concentrations than physiologically matched Angus cows. Also, greater concentrations of IGF-I are found in plasma of mature Brahman than Angus cows that are lactating but exhibiting regular estrous cycles (Alvarez et al., 2000) . Thus, across physiologic states, Brahman cows have greater systemic concentrations of IGF-I than Angus cows. During the postpartum period, dairy-type cattle have lower IGF-I concentrations than beef-type cattle (Spicer et al., 1993b; Schams et al., 1991) . Not previously reported, crossbred Brahman (i.e., A × B and B × C) cows of the present study had concentrations of serum IGF-I midway between those of Brahman and Angus or Charolais cows. Collectively, these and other studies have confirmed genotypic effects on systemic levels of IGF-I in cattle (Echternkamp et al., 1990; Jones et al., 1991; Spicer et al., 1993b) .
Concentrations of serum IGF-I increased between wk 2 and 7 postpartum in Brahman and crossbred Brahman (i.e., B × C and A × B) cows but not in Charolais, Angus, or A × C cows. Increases in plasma IGF-I with week postpartum have been reported for Holstein cows 1993c; Kobayashi et al., 1999) and is associated with increased feed intake and improved (i.e., positive) energy balance Zurek et al., 1995) . Why increases in systemic IGF-I occurs in some (Roberts et al., 1997) but not other (Rutter et al., 1989) breeds of beef cows during the postpartum period is unclear but likely relates to genotype interactions with lactational demand and whether nutritional needs of the cow are being met.
Days to first medium and large follicle did not differ among breed types in spite of the large differences in concentration of IGF-I among breed types. Also, cows that calved with BCS of < 5 had lower serum IGF-I Within a row and classification (Lost and Maintained), means lacking a common superscript differ (P < 0.05).
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postpartum than cows that calved with BCS ≥ 5 but the interval to first medium and large follicles did not significantly differ. Similarly, follicular waves occur in nutritionally anestrous beef heifers despite the fact that plasma IGF-I levels are decreased by more than 75% (Bossis et al., 1999) . These follicles of anestrous heifers grow and regress but do not produce preovulatory levels of estradiol or ovulate (Bossis et al., 1999) . In GH receptor-deficient Brahman cows (Chase et al., 1998) and in GRF-immunized beef heifers (Armstrong and Benoit, 1996) , plasma IGF-I concentration is dramatically reduced yet follicular waves still occur. In all three of these previous studies, however, maximum size of the dominant follicle was reduced (Armstrong and Benoit, 1996; Chase et al., 1998; Bossis et al., 1999) . Conversely, cyclic Brahman cows have greater plasma IGF-I concentrations and greater diameter first-wave dominant and preovulatory follicles than cyclic Angus cows (Alvarez et al., 2000) . Diameter of the largest follicle was not evaluated in the present study. Because ultrasonography was conducted only weekly in the present study, the sensitivity to detect breed-type or BCS-group differences in follicular growth may have been reduced. However, the interval from calving to detection of the first dominant (Murphy et al., 1990; Dimmick et al., 1991; Stagg et al., 1995) or large (≥ 8 mm) follicle (Spicer et al., 1986) ranges from 7 to 15 d in beef cows and is consistent with the average interval to first medium (6 to 9 mm) follicle of 16 d in the present study.
When evaluated across breed types, serum IGF-I concentrations correlated (r = 0.53 to 0.72) positively with BCS during the postpartum period in the present study. We also observed greater serum IGF-I concentrations in cows maintaining vs losing BCS postpartum and cows calving with BCS ≥ 5 vs BCS > 5. Similarly, positive associations between systemic IGF-I concentrations and BCS have been reported for Hereford (Richards et al., 1995) and postpartum Hereford-Angus crossbred cows (Rutter et al., 1989; Spicer et al., 1993b; Bishop et al., 1994) . Because systemic IGF-I levels in cattle are influenced by numerous factors-including energy balance 1993c) , composition of diet (Houseknecht et al., 1988) , and feed intake (Bishop et al., 1989; Bossis et al., 1999) -the level of association between IGF-I concentrations and BCS within a certain breed or study may be due to interactions with these factors during the postpartum period.
Implications
Results of this study indicate that systemic insulinlike growth factor-I concentrations vary with breed type and body condition score during the postpartum interval in beef cows. However, these genotype-and body condition score-induced differences in insulin-like growth factor-I levels do not seem to impact days to first medium and large follicles. Whether these genotypeor body condition score-induced changes in insulin-like growth factor-I are associated with differences in postpartum reproductive efficiency will require further study. Additional research is needed to clarify the genetic control of systemic insulin-like growth factor-I levels in order to determine whether insulin-like growth factor-I can be used as a biological indicator of production efficiency.
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